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Tasks 3,4 would be follow on tasks to optimize the performance 
and implementability. 
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SENSOR/ACTUATOR ERROR MODEL STRUCTURE 
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Controllability And Observability Of System 
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Existing IPS Gimbal Actuator. 
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Optimal Controller Design And Analysis 
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Optimal Controller Design And Anaiysis 
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Optimal Controller Design And Analysis 
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Stability Not Guaranteed Because Mast Flex Mode States Are 
Not Fully Controllable. 



Optimal Controller Design And Analysis 
Elevation Axis 
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Mu-Plot For 10% Uncertainty In Three Modal Frequencies 


* Shows System Stable With Up To 4.54% Uncertainty 
On Modal Frequency. 
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END 

SUBROUTINE VECTEQ(N, X, Y ) 
DIMENSION X(1),Y(1) 
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Stochastic Crew Motion Moot' is For Flexible Space Station 
Response Analysis 
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c- 



c? 
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Reference: 


“Hfen'jbcok on Astronaut Crew Motion D i s tar banc es fo'r 
Control System Design", NASA Reference Publication 102:5 


Z. CEL from W. McGuire to MDAC (attri. John Kelly and Dave 
B a r f- 0 w 5 > dated 1 October 1985. 

Summary: 

Two stochastic crew motion disturbance models were generated for use in 
flexible Space Station response analyses. The models are conservative, 
simple, and representative, based on data presented in ref. 1. The 
first rr 0 d e I r e p r e s e n t s a high level crew motion which e t i c o m p a s s e s a M 
crew activities. The data used to characterize the activities to be 
recognized as high level is given in ref.. 1 under 


E 0 w i n g M 0 1 I 0 n 

A r r I a p p i n g - 

C r 0 u c h a n 0 P u 5 h 0 f f 

Soar i ng 1 

^ 0 n e - m a n N 0 r m a I 
. 0 n e - m a ri F 0 r c e f u I 
Two-'man Normal 
Two- man F o r c ef u I 

The^second model represents crew motion which is r est r j c te d- to include 
only low level activities. The activities selected from those analyzed 
in ref. 1 to characterize thjs low level are 

Console Operations 

R 9 s p i r a t i 0 n , Coughing, Sneezing 

A r m M 0 1 i 0 n 

Leg Mot i on 

Sway i ng Motion 

The resulting mooels are imp ie men tea by runnThg the output of a random 
number generator, with uniform distribution between +/- 1 Newton (-r/- 
.ZZ48 pounds force', through shaping transfer functions, G(s), as shown 
in figures l 4 Z • 


_ The transfer function parameters for each s hap i ng f 1 1 ta r are given in 

table 1. Notes on implementing these shaping filte^rs' in time 
simulations are given in a p p e rj d i w A , e )•: c e r p t e d .f r o -m c h a p ter 5 of ref. 1 . 

L Ass u fft p t i o n 5 ; 



The force d i s t a >“ b a n t e s a i o f< g a I • t fi r s e c o o }* o n a 1 e axes are s i m i ! a r 
but uncorrelated. 

T e effects of the moment disturbances resulting f r o rr* crew fit o t i o n 
applied at the habitat module of the Dual Keel I.O.C. are neglegible 
compared to the effects of the force disturbances from crew motion. 



Model Generation: 


A. The followins criteria were used in selectinc the crew motion models 

1 . The model must be simple, limited t o the f o r’ m 

. (K)*(Z*2eta*ome3a)*5 

G(s) = 

2 2 
s + (2*zeta*ome3a)*5 + ome 3 a 

where s is the LaPlace variable. 


Z- The’ model must be conservative, with the model's PSD at 
least as stron3 as the PSD bein3 approximated, at all 
frequencies. 

3. The model must be r e p r e s e n t a t i ve , with a PSD as close to the 
PSD beiri3 approximated as possible while still 5ati5fYin9 
c r i t e i a 1 and Z . 


4 . The time histories of the model must a v e man peaks similar 
to the max peaks of the data presented in ref. 1. 

B. Method of Selectins a Power Spectral Density to Model 

The PSD to be model ted in each case was chosen by takin3 the 
maximufp PSD value over all three axes, for all activities in the 
set, at each frequency. 

C. Method of Seiectins a Simple, Conservative, Representative Model for 
the Power Spectrum 

The ma3nitude of the frequency response of a transfer function 
of the form in criterion 1 above is shown in fi3ure 3 for 
various values of dampin3. From the fisure it can be seen that 
the ratio of "hump max" to "hump width" is a function of 
darnpina ratio- "Hump max" is also a functiori of a constant 3 a i n 
factor. G(s) for a model was determined by 


1 . Selecting a natural f r e q u e 1 1 c y to position the center 
.of the "hump". 

Z. Select in 3 a damping ratio to aojust he i grit over 
width. 

3 . Sel^ctins a coristant 3a*ri to adjust the amcMitude of 
the f u n c t i 0 n . 


The final values were determined after a few iterations, and are 
Sivenincablel. 


Tab I e 


£ 1 1 a p 1 n 3 F i i t « r T r a n s f e r F u ri c t j 0 n s 


( K 5 e t a-^>o me 3 a ' 


original Page is 

OR POOR quality; 


5 + ( Z»ze t a^omeg a )^5 offiega 


6 ( 5 ) 


ORIGINAL PAGE IE 
OF POOR QUALITY 


Hi 3h 

Level 

K 

2 e t a 

ome ga 

Crew 

Motion 

i6.54 

1 . IS 

5- 48 

Low 

Crew 

Level 

Motion 

S.46 

1 .39 

2.34 


R e £- u I t s : 


F i 9 u r e 5- 
F i gur es 
outputs 
max i rnum 
ref. 1 . 


1 and 2: compare the modeled PSD's with the actual PSD's. 
4 and 5 show time histories of random number generator 
run through the shaping filters. Figure 6 shows the 
and average force outputs for the activities studied in 


The £ >; I m u rf: p e a r: s of f i g u e s 4 a n d b a e i o rr e w h a t s m a M e r t h a n 
the data preserited in fig"ure 6. This is partly because figure 6 
represents total force and figures 4 and b are single axis 
c oiftpo ne nt s . Also, the max peaks from *che experiment data sited 
in figure 6 look to be of high frequency c o n 1 e ri t , and may r? o t be 
inciuded in the PSD data presented in ref- 1 (0 to £0 rad., sec.). 


R e c 0 m rt: e n d a t i on: 


Due to the stochastic natu^'e 
filters given above should be 
representation in time domain 
disturbance response analyses 


M . J . K a i n d I 
D. and D. Engineer 


of crew disturbances, the 
used as a c o rise r vat i ve 
and frequency domain crew 


s h a p i n 3 



F/6yi?£ 1 

HIGH LEVEL CREW MOTION DISTURBANCE PSD 


















$ TYPE DESIGN. con 


$i 

0. 

S! 

$! 

$! 

$! 

$! 


PINHOLE 

INPUTS; 


•OPTinflL" CONTROLLER DESIGN COnnRND FILE 


[KP 

CKP] 


KP*ICR] > I PS. 01 KP PORPORTIONRL IPS GRIN 

> IPS. 02 ICR IPS RRTE GRIN 

ALPHR > LOS PENRLTV FUNCTION URLUE 

R > CONTROL EFFORT PENRLTV URLUE 

RHO > DISTURBRNCE/NOISE UEIGHTING FUNC. 


$1 

GENERRTING THE REDUCED ORDER PLRNT EQURTION UHICH INCLUDES 
THE CLOSED LOOP IPS CONTROLLER 


$! 

$1 

$! 


$nPV P0F3V-R.B I PS. 01 TEHP 
$nPV TEnP P0F3VJ1.C1 TERP 
$SUBT P0F3V_R.fl TERP PLT_IPSJ1.fl 
$RPV P0F3V_R.B I PS. 02 PLT.IPSJ.B 
$! 

$1 GENERRTING THE PLRNT EQUATION UHICH INCLUDES 
$! THE CLOSED LOOP IPS CONTROLLER 
$! 

$RPV P0F3V.B I PS. 01 TERP 
$RPV TERP P0F3V.C1 TERP 
SSUBT P0F3V.R TERP PLT-IP8.R 
$RPV P0F3V.B I PS. 02 PLT-IPS.B 


$1 

$! 

$! 

$! 

$! 

$1 

$! 

$! 

$! 

$! 

$! 

$! 

$! 

$! 


GENERRTING THE REGULATOR GRIN RRTRIX ICc 
UHERE THE COST FUNCTION IS 

J • INT 0->00 { (X" BETA* * ALPHA * BETA X)+(X’*RLPHR*BETR*U)+(U"*R*U) dt 
INPUTS; (1) SVS-NRRE.R 


(2) SVS-HRRE.B 

(3) SVS-HRRE.HC 


■1- 


RRTRIX ; STATE 


•x" UEIGHTING RRTRIX 


(4) SVS_NRRE.HD — > 


RLPHfl*BETR 

CONTROL "u" UEIGHTING RRTRIX 


R RRTRIX 
R ■ r 


$RPV ALPHA BETA PLT.IPS_R.HC 
SCOPV R.DRT PLT.IPSJI.HD 
$LQGN PLT-IPSJ 

$RPV PLT.IPSJ.B PLT.IPSJ1.ICC TERP 
SSUBT PLT.IPSJ.fl TERP TERP 
SEIG TERP 

SRENRRE TERP.E REGULATOR. E 
SRIFO REGULATOR. E 

$1 

$! GENERRTING THE ICRLRRN FILTER GRIN RRTRIX ICo 


I 

$! 


INPUTS; (l)SVSJIflnE.R 
(2)SVSJ1RnE.C 


i| (3) q; • svs^flnE.yi /DiSTURDfliiccE pemrltv FuncTion- 

$! O' • DIR6 ( RHO G} 

^ (DR- SVSJ1RnE.U2 "nERSUREHEHT NOISE PEHRLTV FUNCTION" 

$i 

SnPV GVK RHO TENP 
$DIR TENP PLT-IPSJ.U1 
SKFILT PLT-IPS-R 

$nPV PLT_IPS-R.KO PLT-IPSJ.C TENP 
$SUBT PLT-IPS-R.R TEUP TENP 
$EIG TENP 

SRENRNE TEHP.E KflLNRN.E 
$RIFD KRLNRN.E 

$! 

$! GENERRTING THE CLOSED LOOP SVSTEN "Rcl" fIRTRIX 
$! RND CHECKING FOR STRBILITV BV FINDING ROOTS 
$! OF THE CLOSED LOOP "Rcl" NRTRIX 

$! 

$SCL PLT-IPS.B TENP -1.0 
$nPV TENP PLT-IPS-R.KC TEI1P12 
$nPV PLT.IPS_R.KO PLT.IPS.C TENP21 
$nPV PLT.IPSJ.B PLT.IPSJ.KC TENP221 
$NPV PLT.IPSJ.KO PLT.IPSJ.C TENP222 
SSUBT PLT.IPSJ.R TEI1P221 TENP 
$SUBT TENP TENP222 TENP22 
$! 

$I SRUING THE V-RXIS CONTROLLER 

$! 

^OPV TENP22.DRT CONTROLER.V . DRT 
^IG TEI1P22 
SRIFD TENP22.E 

$RUG PLT.IPS.R TENP21 TENP1 0,1 
$RUG TEI1P12 TENP22 TENP2 0,1 
$RUG TENP1 TEHP2 RCL.R 1,0 
$EIG RCL.R 
$RIFD RCL.E 
$DEL TENP*.*.* 

$! 

$i GENERRTING THE OPEN LOOP LOS SVSTEII NRTRIX "ROLJ.OS" 

$! 

$! 

$SCL PLT.IPS.B TENP -1.0 
$NPV TENP PLT.IPSJ.KC TENP12 
$NPV PLT.IPSJ1.K0 CJ3L.C TENP21 
$NPV PLT.IPSJ1.B PLT.IPSJ.KC TENP221 
$NPV PLT.IPSJ1.K0 PLT.IPSJ.C TENP222 
SSUBT PLT.IPSJ.R TENP221 TENP 
SSUBT TENP TENP222 TENP22 
SRUG PLT.IPS.R TENP21 TENP1 0,1 
SRUG TENP12 TENP22 TE0P2 0,1 
SRUG TENP1 TEHP2 ROLJ.OS.R 1,0 
SCON TENP1 10,1,0 
SnPV PLT.IPSJl.KO BDELTR TENP2 
SSEL TENP2 TENP21 R 4/P 
iSEL TENP2 TENP22 R 5 
WL TENP2 TEHP23 R 6 
TOO TENP21 TENP22 TEHP2 
SROD TEHP2 TENP23 TEI1P2/P 



$flUG TEHPI TEnP2 ROU.OS.B OJ 
$SEL PLT-IPS.C TEHP1 i fl 
$SEL PLT_IPS_R.C TE0P2 ^ fl 
^CL TEriP2 TEnP2 0.0 
1PU6 TEHPI TEnP2 flOU.OS.C 1,0 
$DEL TEflP*.*.* 



$ TVPE flHflLVSIS.COn 


I: 

$!* 

$!♦ 

S!* 

$ 1 * 

$!♦ 

$!* 

$!♦ 

$!* 

$!* 

$!♦ 

$!♦ 

$!* 

$!* 

$!* 

$!♦ 

$!* 

$!* 

$!« 

$!♦ 

$!* 

$!* 

$!♦ 

$!« 

$ 1 * 

f 


PINHOLE BNRLVSIS CONNflNO FILE 
FUNCTIONS: 

(1) CREATES CLOSED LOOP STOCHASTIC TINE 
RESPONSE DATA 

(2) CALCULATES Nu FOR UNCERTAINTV IN FREQUENCV 

(3) CALCULATE THE OPEN LOOP FREQUENCV RESPONSE 
FRDN LOS coiiand — > LOS sensed 


INPUTS: 

(1) K, 2ETA, ONEGA — > CREU NOTION SNAPPING 

FILTER COIFICIENTS 

(2) ANPLITUDE — > CREU NOTION DIST. ANPLITUOE 

(3) RCL.A,B,C — > CLOSED LOOP SVSTEN NRTRIX 




GENERATING THE FREQUENCV RESPONSE FOR OPEN LOOP LOS 


$1 
$1 

SCOPV [PINHOLER.HBU.DIROL-Ltft.* *.* 

$!SCL HOLJ.OS.C ROLJ.OS.C -1.0 
SPRCK ROL_LOS R0LJ.0S 
SFRESP flOL_LOS 0.001,100,50 
$! 

$! GENERATING THE CLOSED LOOP TINE RESPONSE TO STOCRSTIC 
$! CREU NOTION 

$! 

SCOPV [PINHOLER.HBU.DlflCL.R *.♦ 

SCOPV [PIHHOLEfl.HBU.D]PLT_IPS.* *.* 

SCON TENP31 2,8,0 
SCON TENP32 2,6,0 
SCOPV [PINHOLER.HBU.D3G2.DRT *.♦ 

SNPV GZ DIST.C TENP13 
SCON TENP23 6,2,0 
SflUG TENP31 TENP32 TENP2 1,0 
SflUG flCL.fl TENP2 TENPl 0,1 
SflUG TENPl 3 TENP23 TENP2 0,1 
SflUG TENP2 DIST.fl TENP2 0,1 
SflUG TENPl TENP2 SVS_D.R 1,0 
SCON TENP 14,1,0 
^UG TENP DIST.B SVSJl.B 0,1 
Von TENP 4,6.0 
SflUG PLT-IPS.C TENP SVS-D.C 1,0 
SPRCK SVS-D SVS_D 



STHIST SVSJ) 40,0.01,0.01 

I GENERRTING THE CLOSED LOOP TIRE RESPONSE TO STOCRSTIC 
CREU NOTION "HIGH LEURL" > DISTH 

$COPV [PINHOLER.HBU.DlflCL.R *.* 

$COPV [PINHOLER.HBU.DIPLT-IPS.* *.♦ 

SCON TERP31 2,B,0 
SCON TEHP32 2,6,0 
SCOPV [PINHOLER.HBU.D3G2.DRT *.* 

SnPV G2 DISTH. C TERP13 
SCON TERP23 6,2,0 
SflUG TERP31 TERP32 TENP2 1,0 
SflUG RCL.fl TERP2 TEI1P1 0,1 
SflUG TENP13 TERP23 TENP2 0,1 
SflUG TEI1P2 DISTH.fl TERP2 0,1 
SflUG TERP1 TERP2 SVS_DH.fl 1,0 
SCON TERP 14,1,0 
SflUG TERP DISTH.B SVS-DH.B 0,1 
SCON TERP 4,8,0 

SflUG PLT_IPS.C TERP SVS-DH.C 1,0 
SPflCK SVSJJH SVSJ)H 
STHIST SVSJJH 40,0.01,0.01 

S! 

S! GENERRTING THE CLOSED LOOP STEP RESPONSE TO FOR THETRips -,5 degrees 
S! and n1 ■ 2 degrees 
S! 

SCOPV SVS_DH.DflT SVS_XO.DRT 
STHIST SVS-XO 25,0.05,0.01 
SOEL *.X.* 

I^EL *.XD.« 

$1 GENERATING Ru FOR FREQUENCV UNCCERTflINTV 

SCOPV RCL.fl DELTflZ.fl 
SPflCK DELTflZ SVSJIU 
SFRESP SVS-RU 0.1,100,50 
SDET SVSJ1U.G 
SOEL TERP*.*.* 

s ■ • 




